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A NEW ACOUSTIC TEST FACILITY 

IN WESTERN CANADA 

PART A 

THE FACILITY AND ITS JUSTIFICATION 

E.H. Bolstad, P. Eng., President, 

BOLSTAD ENGHJEERING ASSOCIATES LTD. 
Box 5768, Station "L" 

Edmonton Alberta TGC 4G2 
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Critical to our work in corrective acoustics and the development 

of custom noise barriers, etc. , is the need to know how well a 

proposed design will actually perform before large expenditures 

are made. In the earlier years of our practice we used the usual 

devices of borrowing space in a gymnasium, shop, or other avail

able facility to conduct tests in conditions simulating the job 

site. The results of course had to be judged in the light of 

known deficiencies in the testing procedure. 

It was also very apparent to us that there were a number of 

manufacturers of building materials, wall systems, machinery and 

equipment, etc. in Western Canada who were not able to provide 

adequate acoustical ratings on their products because the cost 

and inconvenience of testing at distant laboratories was prohib

itive. 

For these reasons, we decided, in 1972, to start construction of 

a full scale test laboratory. After considerable evaluation it 

was decided that the facility should consist of two reverberation 

chambers, one of 11,000 cubic feet, the other 8,000 cubic feet. 

They would have a test opening between them to allow testing of 

wall transmission and/or the isolation of components of mechanical 

systems. 

From an economic point of view it was apparent that considerable 

cost could be saved by locating the laboratory in the country, 

thereby avoiding or at least postponing the cost of double 

shell construction, spring mountings, etc. We were successful 

in obtaining a pleasant country setting, within a short distance 

of the city, with an excellent view of the smog shrouded down town 

core. 

As shown in Figure 1, a fairly simple layout was developed, with 

the two chambers, essentially separate buildings, on separate 

foundations, located close to the service workshop, the instrument 

shop, the control room and the engineering office. 
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To accommod ate large test panels and equipment, both chambers 

have d ouble leaf d oors, 6 feet wide. The large chamber has a 

10 foot high door so that wall test specimens can be rolled 

into place. 

To avoid the somewhat d ebatable d uct or tunnel condition surround 

ing a test panel which is inserted in the space between blO test 

rooms, it was d ecided to build the chambers close together and 

insert the test panels in the opening in one room in the manner 

of a plug. This of course required the d evelopment of a gantry, 

or lifting frame, which can hand le the considerable weight of 

the panel. The gantry,  and the method of inserting a test panel 

is shown in Figure 2. 

Test wall panels can be constructed in the removable steel frame 

or in the fixed wood en frame to suit the type of material or test 

procedure. 
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�ji.er; the Jesign of the charr!Lers \·ias first being considered, much 

ti".ought \:ent into Hie met:lOds to L.t: used for diffusion control 

ami 100icrophone sar,:pling. From all t:le evidence availatle in 

t:-Iany items of literature and in discussions \'.ith several author

ities on the subject, it was Jecid�� tG first of all ariopt the 

dirr:ension ratioris of 1: V2 3[4 for the overall 

si.ape and to use rotatili9 vanes ar:d a rotating n;icropilone. This 

SEemed to offer the �rincipal advantage of simplicity of instrum

entation and sreed of SiH,lpl ing Juring a test. 

After considerat'le experimentatiGn, it \';as fir,ally C:etermined 

that the only satisfactory pOI':er source for driving tne mic
rophone systelrl \1iould be obtained if it ' .. las located outside the 

rOOlli. Tids Ilad the obvious benefit of allo\'Jing us to develop 

a ver,}' powerful unit \,;hic;, could alsc operate the: vane system. 
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The power units, one for each room, are located in small pent

houses on the roof. One is shown in Figure 3. 

Figure 3 

On reconsloering the vane system, it occurred to us that the 

principal function of the vanes VJas to offer a constantly 

changing room geometry, and that \vhile there \'Ias considerable 

experimer.tal evidence to sho\'J that some vane systems could be 

superior to others, it was also evident that as long as the 

amount and size of the vanes was sufficiently large, the 

differences between one system and another would be of little 

consequenc� for our class of work. 

�Jith a little imagination, a very simple arrangement was v/orked 

out, using standard size sheets of plywood and a system of ropes, 

in a manner of ancient Indian Punkahs, to effect the necessary 

movement. The plywood sheets, curved to provide necessary 

stiffness, are shown hanging about the room in Figure 4. The 

microphone boom and cradle are also shovm. This form of swivel 

cradle allows the microphone to be carried in a full circle, 

without twisting or having to use slip rings in the cable 

connection. 
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Figure 4 
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One distinct advantage of this system is that the vanes are 

essentially distriLuted about the perimeter and do not occupy 

valuable test space in the center of the room, as is the case 

with many rotating vane designs. 

The simple crank arm anJ wrist pin arrangement which drives the 

microphone boom and pull s the ropes attached to the vanes is 

shown in Figure 5. The transmission shaft coming through the 

roof carries a V-belt drive which operates the rotating micro

phone boom and a crank arm with wrist pin which is grooved to 

hold the ropes securely. 

Figure 5 

Finally, the compliment of instrumentation used in the control 

room is shown in Figure 6. At the upper left is the noise 

generator and associated 1/3 octave filter set. Below that is 

the measuring amplifier and its associated 1/3 octave filter set 

which has a range of from 2 Hz to 200 K Hz. At the top of the 

equipment rack is a patch panel for interconnection of the 

various components in variable configurations. The broadcast 
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Figure 6 

quality recorder in the rack is used primarily for playback of 

tapes which are recorded in the field on our Nagra or Tandberg 

equipment. 

The small operator panel below the tape recorder contains remote 

functional switching, amplifier gain control, filter stepping, 

reverberation pulsing, etc. 

The strip chart recorder is located in a well in the operators' 

desk, providing convenient operation and a writing surface under 

the strip charts as they leave the recorder. 

A bove the strip chart recorder is the x-v plotter which is 

coupled to the strip chart recorder to provide immediate display 

of analysis curves on preprinted forms. 

Immediately above the X-V plotter is the 1/3 octave filter shapero 

In the rack and on the shelf is a monitor amplifier and speaker, 

the statistical distribution analyzer, and power amplifier. 

Complimenting this equipment is a mobile instrument van, mobile 

power unit, narrow band analyzer, beat frequency oscillator, 
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portable sound level meters, noise dose meters, tape recorders, 

impact testers, audiometry equipment, and the usual test instru

ments associated with an electronic laboratory. 

We are quite proud of the facility which we have constructed and 

to demonstrate in a more rigorous manner that the rooms meet the 

technical requirements of a laboratory meant to be used in 

producing credi ble test results, a series of evaluation tests 

were conducted by Mr. Don Olynyk and Dr. Gary Faulkner. The results 

of these tests are presented in Part B of this leaflet. 
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1.0 INTRODUCTION 

A new acoustic test facility has just been completed by 

Bolstad Engineering Associates Ltd. at 6720 - 30 St., Edmonton, Alberta. 

The facility, consisting essentially of a pair of reverberation rooms 

with associated electronic instrumentation, is the first full scale 

acoustical test facility in Western Canada. 

2.0 PURPOSE OF REPORT 

The purpose of this report is to determine whether the new 

acoustic facility is satisfactory for making laboratory measurements 

of sound absorption, sound transmission loss and sound power. 

3.0 DESCRIPTION OF TEST FACILITY 

The test facility consists of two adjoining reverberation 

rooms, which can be linked through a common opening. See Figure 1 for 

layout of facility . 

The large reverberation room is a rectangular enclosure with 

interior dimensions 281-411 long x 221-411 wide x 171 -411 high and y ields a 

volume of 10,963 cubic feet. Suspended randomly throughout the room 

are eight diffusing devices consisting of slightly curved 41 x 81 X 3/8 11 

thick plywood panels; the panels are capable of oscillating rotational 

motion by means of a system of rope pulleys attached to a rotating arm. 

The small reverberation room is also rectangular in shape 

and of interior dimensions 251-811 long x 20 1-411 wide x 151-411 high giving 

a volume of 8,000  cubic feet . Suspended randomly throughout the room 

are six diffusing devices, similar in all respects to those in the large 

chamber. 
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The reverberation rooms rest directly on concrete pile founda

tions and are structurally isolated from the rest of the building. Walls 

of the test chambers consist of 10" t.hick dense aggregate concrete block 

filled with sand with mortar joints reinforced every second course. 

The roof of the test chamber consists of 12" thick precast concrete 

panels grouted and caulked into place. The test chamber floor is 4" 

hardened reinforced concrete resting on compact sand fill. All ceiling 

and wall surfaces have been painted with two coats of latex base paint. 

Both reverberation rooms are provided with underfloor ventilation systems 

which can be sealed off when not required during tests. 

A 91-0" wide x 81-0"  high test opening has been introduced be

tween the two reverberation rooms to accommodate walls for transmission 

loss measurements. When not in use, the test opening is sealed up with 

a filler plug wall. The two chambers are four inches apart; this 4" 

space, apart from the tes t open i ng, is fill ed wi th 2 1 ayers of 2" AF545 

fibreglass with an asphalt vapor barrier septum in the centre. The 

gap around the test panel opening is closed off by a wooden frame, 

fastened to one side and caulked with flexible elastomeric caulking on 

the other side; an added seal in the form of 3 lb. per square foot 

lead flashing is also provided. See Figure 2. 

Other openings to the test chambers are entrance doors to 

each chamber. The door to the large chamber is 61-0" wide x 10 1-0" high 

and the one to the small chamber is 61-0"  x 71-0"  high. The doors are 

of the double leaf type with gasketing along perimeter, rated at STC 52 

by the manufacturer. 

-— 5 —-



I 1/2" THICK PLYWOOD 

NAILER F RAME 

, ' 

SAND FILLED CONCRETE 
BLOCK WALLS 

3 LB/SQ FT LEAD 
WOOD BLOCKING 

I" THICK FIBERGLAS 
FLASHING 

FLEXIBL E 

CAULKING 

STEEL CLAMP 

FLEXIBLE BAR 
. 

FOAM 

2 LAYERS OF 2" THICK 

HIGH DENSITY FIBERGLAS 
SAND FILLED CONCRETE 
BLOCK WALLS 

FIGURE 2 WALL AND TEST PANEL OPEN ING DETA IL 

-— 6 —-



Both reverberation rooms utilize a similar microphone system. 

By means of a rotating boom driven by a roof-mounted motor the microphon 

is capable of traversing a circle 10 feet in diameter in a plane incline 

at 5° with the horizontal. 

Normally, one loudspeaker assembly is used and it is placed 

on the floor near a trihedral corner. 

The two reverberation rooms are complemented by an array of 

electronic instrumentation for acoustic analysis and testing. See 

Figure 3 for a schematic of the instrumentation layout. Associated 

with the noise-producing side is the loudspeaker, driven by an amplifier 

fed by white noise and pure tone generator, and equalized by a one-third 

octave equalizer. On the receiving side the test signal is picked up 

by a condenser microphone feeding into a measuring amplifier, one-third 

octave filter, level chart recorder and monitor loudspeaker. 

4.0 EVALUATION OF FAC ILITY FOR MEASUREMENT OF SOUND ABSORPTION 

The most important standards for laboratory measurement of 

sound absorption have come from the International Organization for 

Standardization ( ISO) and American Society for Testing and Materials 

( ASTM) . Of interest are the following documents: 

( 1) ISO Recommendation R354 ( 1963) " Measurement of Absorption 

C oefficients in a Reverberation Room" 

( 2) ASTM C 423-66 ( Reapproved 1972) " Standard Method of Test 

for Sound Absorption of Acoustical Materials in Reverbera

ti on Rooms II • 

-— 7 —-
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Briefly, the testing procedure is to measure the reverbera

tion time in an empty reverberant room and then repeat the process after 

introducing a sample of the test material. From the two reverberation 

times the total absorptions in the two cases are determined, the dif-

ference being attributed to the absorption added by the sample. The 

method makes use of the relationship 

where T is reverberation time, k is a proportionality constant depending 

on speed of sound, V is the volume and A is sound absorption in the room. 

Measurement of sound absorption by this method is based on 

reverberation theory, the key hypothesis being that the sound field must 

be diffuse and the room surface be therefore exposed to an assembly of 

waves from all angles of incidence. To achieve good diffusion the 

standards agree quite closely that certain conditions must be met and 

these will now be discussed one at a time. 

The degree of 1iveness of the test chamber is a factor to be 

considered. ISO recommends that the reverberation times of the empty 

room should exceed certain values, these values varying with room volume 

as given below: 

125 250 500 1k 2k 4k Hz 

6.0 6.0 6.0 5.4 4.2 2.4 seconds for 310 cu.m. ( 10 ,963 ft3) 
5.4 5.4 5.4 4.9 3.8 2.2 seconds for 226 cu.m. ( 8, 000  ft3) 

Measured reverberation times for the empty large and small re-
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verberation rooms are depicted in Figures 4 and 5. It is seen that 

both chambers exceed ISO values at all frequencies. 

ASTM specifies this condition in another way by stating that 

the average absorption of the empty room surfaces shall be less than 

0.06 at all measuring frequencies. In our case, the average absorption 

of empty room surfaces was found, after appropriate allowance for air 

absorption, to be 0.0 2  between 125 and 400 0  Hz for both chambers. In 

these determinations it should be noted that the surface includes 

interior room surfaces as well as both sides of all diffusing panels. 

A factor relevant to sound diffusion is room size. ISO re

com mends a room volume larger than 180 m
3 ( 6357 ft

3) and further recommends, 

in the case of new construction, that the volume be as close to 20 0 m
3 

( 7, 063 ft
3) as possible. In our case both test chambers comfortably 

meet the ISO values for new construction. 

ASTM specifies that the smallest dimension of the room shall 

be more than one wavelength, A, and preferably more than two wavelengths 

of the centre frequency of the lowest one third octave band at which 

measurements are to be made. Using the speed of sound at room temperature 

of 68°F and the relationship A = clf it is found that the smallest room 

dimension corresponds to one wavelength at 65 Hz and 73.5 Hz for the 

large and small reverberation rooms respectively. C orresponding fre

quencies where the smallest dimension is equivalent to two wavelengths 

are 130 and 147 Hz respectively . 

Another factor that must be considered is room shape. ISO 

specifies that the shape of the room shall be such that lmax < 1.9 V1/3 
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where lmax is the length of the greatest straight line which can fit 

within the boundary of the room. Calculations show that this criterion 

is met for both chambers. 

ASTM specifies that the ratio of the largest to the smallest 

dimension shall be less than 2: 1. The actual room dimension ratios in 

our case are within this range and are 1.63:1.29: 1 for the large chamber 

and 1.67: 1.32:1 for the small chamber. This is fairly close to the 

theoretical ratio of 1: 3/2 : 3/4 (1: 1.26 : 1.59) conmonly referred to 

in the literature.* 

It is also necessary to consider sound diffusing devices in 

order to approximate a diffuse sound field. ASTM reconmends a number 

of sound-reflecting panels hung or distributed at random angles about 

the volume of the room, som e of them mounted on a rotating shaft, or 

otherwise kept moving, presenting, in effect, a room which continually 

changes in shape. ISO is somewhat more specific and states that the 

total area of the randomly hung static diffusing elements should be 

approximately equal to the surface of the floor ( i.e. both sides should 

be twice the floor surface) . In our case the diffusers in both test 

chambers are moving and the ISO criterion does not apply. ASTM does 

not specify the size of the sound-reflecting panels but instead gives 

tests for sound diffusion essentially stating that decay curves shall 

be independent of both microphone position and test specimen position 

and also be free of non-exponential irregularities. 

*Bolt ( 1947) " Normal Frequency Spacing Statistics" , J. Acoust. Soc. Am. 
Vol. 19, No.1, Pgs. 79-90. See appendix. 
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An investigation was made of decay curves in the empty chambers 

and the nature of the decay curves are shown in Figures 6 and 7. The 

graphs, in general, show that the decay curves become more exponential 

and smoother as the room condition progresses through the bare room, 

vanes still, vanes moving, both vanes and microphone moving situations. 

In addition, maximum deviation in measured reverberation time was also 

determined and is shown in Figure 8; the results show that the more 

the room geometry is perturbed the less scatter there is. It is evi

dent that microphone traversing reduces scatter significantly over 

that of the stationary microphone case. 

The number and precision of measurements is a factor worthy 

of consideration. ISO indicates that each evaluation of a decay rate 

for a given frequency band shall be based on at least 6 records, each 

under different variations in the sound field as far as loudspeaker 

position, microphone position, diffuser system configurations, etc. 

unless experience shows otherwise. 

ASTM recommends a group of measurements at each test frequency 

the size of the group chosen to yield an absorption coefficient to a 

precision of � 0.04 at 125 and 4000 Hz and � 0.02 at all intermediate 

frequencies with confidence limits of 90 percent. In addition, any 

decay curves with multiple slopes shall be excluded as both standards 

bring out. In tests made on an absorptive sample this precision was 

obtained by taking 8 to 10 decay curves for the empty room and a 

similar number with the sample in place. To maintain the precision 

for the higher frequencies ( 1000-4000 Hz ) an appropriate allowance for 
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Decay Curves In Small Reverberation Room 
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air absorption was made. For the intermediate frequencies i.e. from 

400 to 800 Hz 6 decay curves gave the required precision. 

5.0 EVALUATION OF FAC ILITY FOR MEASUREMENT OF SOUND TRANSMISSION LOSS 

The most important standard on this continent for laboratory 

measurement of sound transmission loss has come from ASTM and is entitled: 

( 1) ASTM E90-70 , IIStandard Recommended Practice for Laboratory 

Measurement of Airborne Sound Transmission Loss of Building 

Partitionsll• 

European practice is fairly similar to that of North American 

and is reflected in the following ISO standard: 

( 1) ISO Recommendation R-140-1960 , IIFie1d and Laboratory Measure

ments of Airborne and Impact Sound Transmissionll• 

Briefly, the procedure is to insert the test partition between 

two reverberation rooms, measure the sound pressure level difference and 

apply a standard correction term normalizing the area of sound-transmitting 

surface and the sound absorption in the receiving room. This is given 

by: 

TL = �L + 10 log S/A 

where �L is the measured level difference between the source and receiver 

rooms, S is area of the transmitting surface, A is absorption of the re

ceiving room. 

In this case the sound transmission is based on a diffuse 

.sound field incident on the test partition. A diffuse sound field in 
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both source and receiving rooms facilitates the measurement of steady 

state level differences. 

To enable reli able measurements to be made the standards set 

out certain conditions to be met. For the most part the standards for 

measurement of transmission loss are essentially the same as those for 

absorption; however, all conditions for proper sound transmission loss 

measurement will be mentioned below even though some may be repeated from 

previous text. 

It is necessary that a diffuse sound field be approached. 

ASTM states that for an adequate number of room modes the room volume 

should be no less than V = 4A
3 

where A is the wavelength corresponding 

to the middle frequency of the lowest band. This relationship is 

equivalent to saying that the lowest octave band used must contain at 

least 20 modes. According to the equation the recommended minimum 

volume is 2900 ft
3 

for 125 Hz and 5800 ft
3 

for 100 Hz. In our case 

the two test chambers of 8, 000 ft
3 

and 10, 963 ft
3 

meet these require

ments down to 100 Hz. 

ASTM also recommends that no two dimensions of the room shall 

be equal or in the ratio of small integers, and the ratio of largest 

to smallest dimensions of either room shall be less than two. ASTM states 

that one of the recommended proportions is 1:1.3:1.6. In our case 

these general conditions are satisfied; as well, the dimension ratios 

of 1:1.29:1.63 for the large reverberation room and 1:1.32:1.67 for 

the small reverberation room are very close to the recommended ratio. 

According to ASTM, diffusing means shall be achieved by either 

stationary or rotating diffusing systems, with the latter case having an 
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area equivalent to one third to one half the area of the smallest bound

ary surface. In our case the moving vane system is related to the 

smallest boundary surface as follows; large chamber - 66%; small chamber 

62%. It is somewhat difficult to compare the two systems but these 

figures indicate that the moving system should sweep out the same order 

of volume. 

ASTM also specifies that the absorption coefficients of all 

exposed surfaces of the reverberation rooms be less than 0.06. In our 

case, the sound absorptivity of the interior surfaces of both test 

chambers was measured and found to be 0.02 between 125 and 4000 Hz. 

Another condition that must be met is that flanking transmission 

must not interfere with transmission tests. ASTM recommends that the 

sound power transmitted through the test structure shall be at least 

10 dB greater than the power transmitted into the receiving room by 

all other paths. Flanking was investigated experimentally by a series 

of measurements on substantial walls in the test openings (See Figure 9). 
Introduction of the av ailable plug wall, normally used to seal the 

opening, yielded a value of the order of STC 56. A dip occurring in 

the vicinity of 2000 Hz is, presumably, the result of coincidence ef

fects. A further test was carried out on a "better" wall consisting 

of a combination plug wall - batts - double leaf plasterboard wall; 

this resulted in the sound isolation being boosted up to STC 65. It 

is seen that the transmission curve increases gradually up to 1250 Hz 

and then falls off probably because of leakage through test wall edges 

and/or chamber entrance doors. Further "plugging up" of the test open-
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ing can be made to determine the point at which flanking dominates. 

According to the measurements to date it is evident that the facility 

is capable of testing walls up to at least STC 55 according to ASTM 

standards. 

A condition for consideration is that the ambient noise in 

the receiving room must be more than 10 dB below the total level of 

signal and background. To meet this requirement all receiving room 

levels shall be examined at time of test to make sure that ambient 

noise levels are at least 10 dB below for all test frequencies. Back

ground levels for bare room, vanes still, vanes moving, and microphone 

moving were recorded and are shown as dBA levels in Figure 10. 
The number and precision of measurements is a factor worthy 

of consideration. ASTM states that a sufficient number of measurements 

shall be taken to ensure that the mean value of the noise reduction 

is known to within � 1 dB (90 percent confidence ) except for the lowest 

band for which the limit shall be + 2 dB. Similarly determination of 

the mean value of the receiving room absorption term ( 10 log A2 ) must 

be made to the same precision. 

The data accumulated so far indicates that an averaging time 

or filter stepping time of at least 5 seconds should be used for one

third octave analysis. In this time interval the microphone completes 

one-half a revolution. The precision for the noise reduction was ob

tained by taking 9 to 10 sets of noise reduction measurements for one

third octaves from 125 Hz to 500 Hz. Above 500 Hz, 5 sets of measurements 

were sufficient to give the required precision. The precision of the 

receiving room absorption term was obtained with 4 to 5 decays for each 

one-third octave considered. 
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FIGURE 10 BACKGROUND NOISE LEVELS IN TEST CHAMBERS 
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6.0 EVALUATION OF FAC ILITY FOR MEASUREM ENT OF SOUND POWER LEVEL 

A state-of-the-art standard for the measurement of sound 

power level is: 

( 1) American National Standard "Methods for the Determination 

of Sound Power Levels of Small Sources in Reverberation 

Rooms" Sl.21-197 2. 

Briefly, the test procedure involves the measurement of 

sound pressure level resulting from a sound source placed in a diffuse 

sound field. The relationship is based on the estimation of energy 

density from measured levels of sound pressure as given by geometric 

acoustics in 

W = 
EcA 

where E 
4 

2 
P rms 

= ---:.� 
2 

pc 

where W is sound power, E is energy density, p is sound pressure, 

A is sound absorption in the test room, p is the mean density of air 

and c is speed of sound. 

In actual rooms, however, energy density is not uniform but 

increases in the vicinity of the boundaries and the source. The energy 

density can be corrected so that small systematic differences, with 

regard to data obtained from free field methods, can be minimized. 

Here again the standard sets out to define conditions that 

must be met in order to achieve reliable measurements of sound power 

level. It is also noted that the American National Standard Institute 

( ANSI) standardizes, for the first time, reverberation measurement of 
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pure t one sound power and makes an est imate of t ot al measurement pre

cision. 

Of fundamental importance in qualifying a facility for sound 

power measurement s is t he volume of reverberation room. ANSI recommends 

a preferred minimum room volume as a function of t he lowest frequency 

band of int erest which for a 125 Hz octave band or 100 Hz one third 

oct ave band amounts t o  200 cu.m. In our case, the test facility is 

comprised of t wo reverberation rooms of 310 and 226 cu.m. which exceed 

minimum values for t he commonly used t est bands. 

The shape of test room is a fact or to be considered. The room 

proportions of a rect angular room must be chosen so t hat room modes are 

well spaced throughout t he frequency domain and degenerate modes are 

at a minimum. ANSI recommends t he following proportions between lengt h 

( L
x
) , width ( L

y
) and height ( L

z
) of a rectangular room and t hese are 

compared with corresponding values for t he t est chambers in Question. 

0.83 
0.83 
0.7 9 
0.68 
0.7 0 

Height ( L /L ) 
Lengt h z x 

ANSI Recommendat ions 

0.47 

�:�� ( for room wit h 1:2
1/3

:4
1/3 

ratio ) 
0.42 
0.59 

Test Facility Proportions 

0.7 9 
0.7 9 

0.61 ( for large chamber) 
0.60 ( for small chamber) 
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It is seen that the room proportions for the test chambers in question 

are very close to one of the room dimension ratios recommended by ANSI. 

Another condition for sound power testing is that the absorptivity of 

the interior surfaces of the reverberant room must be small enough to 

ensure an adequate reverberant field. ANSI recommends that the average 

sound absorption coefficient of all surfaces of the reverberation room 

should not exceed 0.06 over the frequency range of interest except that 

additional absorption below a given frequency is usually desirable to 

increase the bandwidth of the resonance curves of the normal modes of 

the room. 

In our case, the average sound absorption coefficients of the 

interior surfaces amount to 0.02 between 125 and 4000 Hz and satisfy 

the ANS I recommendation where the steady state room response is best 

described by statistical processes. In the low frequency range the 

room response tends to "follow" the limited number of modes present 

and it is here that additional absorption is desirable. This "large 

room" frequency is considered to be the transition between classical 

modal theory and statistical theory and is given by Schroeder* as 

T 1/2 
f = 2000 (-V) 

where T is reverberation time in seconds and V is volume in cu.m. In 

our case, this frequency is found to occur at about 340 Hz for the 

large chamber and 307 Hz for the small chamber. 

*Schroeder (1962) "Frequency-Correlation Functions of Frequency Responses 
in Rooms", J. Acoust. Soc. Am. 34, 1819. 
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A major fact or affect ing the qualificat ion of a reverberat ion 

room for sound power determination is t he uncert aint y in t he measure

ment of mean square sound pressure throughout t he room. To make measure

ments meaningful t he precision must be within cert ain t olerance. It is 

recognized that the uncert aint ies arise because room modes int erfere to 

produce a frequen cy an d spatial response throughout the room that is 

charact erized by large irregularities in t he form of peaks and dips. 

In addition, uncertaint ies may arise because of changes of radiation 

impedance as seen by the sound source in t he room. 

ANSI deals with these un certaint ies by specifyin g the precision 

of measurements in t erms of a maximum value for st andard deviation for 

sound pressure. For broad band measurements these criteria are not 

difficult t o  meet . In t he case of narrow bands and discrete-frequen cy 

component s it is necessary t o  resort t o  a variety of techniques in 

order to achieve t he required precision . Experience has shown that 

it is necessary t o  ut ilize a combination of t he followin g techn iques: 

use of several st at ionary microphone positions, use of microphon e t ra

versing, use of moving diffuser panels, use of several sound source 

positions, int roduct ion of low frequency absorption. 

In our case, a limit ed number of measurements were carried 

out for t he purpose of assessin g t he test facilit y for soun d power 

measurements. Room response to broad band excitat ion was det ermined 

by utilizing a loudspeaker as t he sound source and exploring the sound 

field by stat ionary and rotat ing microphone. See Figure 11 for location 

of microphone. In Figure 12 t he results show t hat the maximum deviat ion 
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was found to be of the order of 1 or 2 dB throughout most of the fre

quency range with somewhat higher scatter at the lower frequencies. As 

expected for the case of broad band excitation, motion of diffusers 

did not significantly change the amount of deviation. Additional 

measurements were carried on the effect of loudspeaker position in the 

chambers and it was found that at some positions large scatter occurred 

at around 315 Hz most likely on account of a sensitive radiation im

pedance and/or non-linear effects. 

7 .0 CONCLUSION 

The new acoustic test facility by Bolstad Engineering Associ

ates Ltd. has been designed with considerable thought. Introduction of 

novel moving diffusers and a rotating microphone system will contribute 

toward making efficient use of the facility for commercial sound labo

ratory testing and research purposes. 

It is evident that the two reverberation rooms exceed minimum 

requirements for measurement of sound absorption according to ASTM and 

ISO standards. It would be desirable to make inter-laboratory compari

sons on sound absorption coefficients of several materials. This would 

give a further opportunity to evaluate the effectiveness of the novel 

moving diffuser system. 

In regard to measurement of sound transmission loss the pair 

of test chambers adequately meet minimum requirements given by ASTM . 

From the data obtained the facility is capable of measuring walls up 

to STC 55 and possibly higher. 
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Both reverberation rooms of the new test facility satisfy 

ANSI standards for measurement of sound power of broad band sources. 

Further testing is necessary to qualify the rooms for narrow band and 

discrete-frequency sources. 
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